INTRODUCTION
It is now nearly 20 years since the first attempts were made to diminish the sideeffects of continuous hormone therapy (HT) for prostate cancer by using pulsed endocrine treatments for long enough to stabilise disease activity. The side-effects of HT are well described and include anaemia, osteoporosis, impotence, cognitive functional effects, gynaecomastia, muscle atrophy, depression, dyslipidaemia and generalized lethargy [1] [2] [3] . The first series published by Klotz et al. [4] described the use of pulses of stilboestrol therapy for advanced prostate cancer with an improved side-effect profile has prompted further clinical and laboratory work to further investigate this type of treatment.
Work by Bruchovsky et al. [5] on Shionogi tumours in mice and Sato et al. [6] with LNCaP tumours in nude mice showed that by rendering the host mice castrate and then allowing the testosterone levels to return to pre-castrate levels for periods, androgen independence (AI) and death were delayed.
Stopping HT has the theoretical advantage of removing the selection pressure which, in a Darwinian fashion, selects the clones that have developed adequate molecular adaptations to allow them to have AI growth [7] . If there is a population of androgendependent clones then these will proliferate and repopulate the gland, and androgen dependence will resume.
During the past decade this preclinical evidence has prompted several phase II clinical studies of intermittent HT (IHT), although there has been considerable variation in approach. The consistent features of IHT are that HT is started, the PSA level is monitored and treatment is stopped when an adequate PSA nadir is reached. The PSA level is allowed to rise until it reaches a predetermined level, when HT is restarted or until clinical progression is evident. The patient has repeated cycles on and off treatment. The criteria for stopping and restarting treatment, as well as the medication types, vary among groups; some treat for a set duration rather than according to the PSA level. The ongoing randomized controlled trials have generated evidence that the use of IHT in patients with advanced or locally advanced disease is at least as safe as continuous HT [8, 9] .
The aims of the present meta-analysis are: (i) to develop models predicting the success in IHT and thereby identify features of IHT protocols to be the focus of future prospective trials; and (ii) to evaluate the use of time off treatment as a surrogate predictor of survival for use in future IHT trials.
Pubmed was searched using the keywords 'intermittent hormone/androgen ablation', and the references from the papers found were checked and authors consulted as to other sources of data. Ten groups with data pertaining to the use of IHT (with > 50 patients) were identified [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Table 1 shows the origin and basic characteristics of the patients in each study, and the characteristics of the IHT protocol. Individual patient data were collected from the authors and collated into a database of 1498 patients. Of these, 1446 had adequate data for inclusion in the present analysis. All patients were hormone-naive before starting IHT.
Patient data were grouped into: group 1, localized disease treated primarily with IHT (N0/M0); group 2, PSA recurrence after failed curative attempts with radiotherapy, prostatectomy or both (N0/M0); group 3, metastatic disease treated with IHT (N + or M + ).
Data were analysed using univariate and multivariate Cox proportional hazard models, developed for each of the three groups. The variables studied were initial PSA level, type and duration of medication, PSA nadir, age, T stage, Gleason grade, previous treatment, the PSA threshold for restarting HT, and metastatic status; all durations are the length of time after starting HT. The variables were dichotomized for analysis of clinically relevant thresholds. A forward stepwise procedure was used to develop the multivariate models, and the Kaplan-Meier method was used for survival analysis.
The success of treatment was measured according to three factors: (i) the time spent in clinical remission and off treatment after the initial period of androgen deprivation; (ii) the time to AI prostate cancer (AIPC, defined as three successively increasing PSA levels or clinical progression despite HT); (iii) overall survival (OS).
RESULTS
Data were collected on 1446 patients (median age 71 years); 366 patients had confirmed nodal or metastatic disease at the time of starting IHT. Of the remaining 1080 with no evidence of metastasis, for 517 IHT was the primary treatment. The remaining 563 were treated for recurrent disease after failed radical prostatectomy (RP), radiotherapy or both. The median number of cycles was 2, the median time off treatment for all patients was 15.4 months, and the median follow-up for all patients was 39 months. Overall, patients spent a mean of 39% of time off treatment. The maximum follow-up was 197 months, during which 181 patients developed AIPC whilst 218 died.
Overall, 29% of patients with localized disease were off treatment 2 years after the initial period of hormone ablation was complete, 90% were alive at 5 years and 10% had become AI (Table 2) . This compares to 33%, 86% and 17% in those with biochemical recurrence (group 2) and 16%, 68% and 41% in group 3. Table 3 shows a summary of the univariate analysis (see Appendix 1 and 2 for details). The results of the multivariate modelling are illustrated in Fig. 1 . Figure 1a shows the Kaplan-Meier survival analysis of patient groups as a predictor of OS. Figure 1b shows the power of PSA level before starting treatment as a predictor of the duration of remission. Of those with localized disease being treated primarily with HT, those with a PSA level of < 10 ng/mL at the start of treatment have a 1 0 5 8
considerably longer duration of remission on average. Of the subset of patients with a PSA level of < 10 ng/mL, about half can expect to be off treatment for ≥ 2 years. Figure 1c shows the effect on OS of the threshold to which the PSA level is allowed to rise before restarting treatment. Of the entire patient cohort those in whom treatment is restarted when the PSA level reaches 15 ng/ mL survive longer than those in whom it is allowed to rise higher. This effect is highly statistically significant ( P = 0.003). Figure 1d shows the effect of duration of treatment on the duration of remission; there was no difference in the duration of remission whether the patients (with localized disease) have a long treatment period ( > 8 months) or a short one ( < 4 months).
To assess whether the results from the univariate analysis hold when interaction with other variables is considered we used a multivariate analysis. The variables found to be predictors in the univariate analysis were entered into the multivariate model for analysis as candidate independent predictors of outcome. The resultant multivariate models are shown in Fig. 2 , and are predictive of outcome at a highly significant level. The calculation for the modelling are shown in Appendix 3. The change in the chi-square value for the results of the multivariate analysis indicate the proportion of variability in outcome explained by the variable. A large change in the chi-square value indicates that a variable is important in predicting the particular outcome. The absence of a variable from a model indicates that it is not an important predictor of outcome for that group. The initial PSA level, PSA nadir achieved and type of medication are consistently important in predicting the outcome. The duration of treatment is only predictive in the patients with evidence of metastasis.
To assess the restart threshold as a predictor of subsequent duration of remission, Table 4 shows a comparison in the rates of development of AIPC and OS for those patients in whom the PSA threshold for restarting treatment was < 15 ng/mL, and those in who it was allowed to rise to > 15 ng/mL, by univariate Cox modelling. Fig. 1c shows the Kaplan-Meier survival analysis by restart threshold for the entire cohort. There was a statistically significant difference in OS between those whose PSA was not allowed to rise to > 15 ng/ mL and those whose PSA was allowed to rise above this level before recommencing treatment. The multivariate models shown in Fig. 2 show that this statistically significant difference is limited to group 3. Table 5 shows the association between the duration of remission and the other outcome measures, showing (the first category) that those patients with a period of remission of < 2 years have a much greater risk of 
developing AIPC (hazard ratio 12.1) and dying (2.24), the ratio being highly statistically significant ( P < 0.001).
One criticism of this analysis is that a bias would be introduced by including those who have been off treatment for < 2 years, or those who have not yet restarted treatment. The second two categories in Table 5 shows the results of two further analyses where the patients who had not been off treatment for the required period or who had not yet restarted treatment were excluded. The analyses shown compare the hazard ratios for developing AIPC and dying in those (selected patients) who have had remission periods of < 2 years and 3 years. The relationship that a shorter duration of remission is associated with greater risk of developing AIPC and death is robust throughout these three analyses.
DISCUSSION
In the present dataset, patients spent a mean of 39% of time off treatment. Multivariate models show the power of the initial PSA level and PSA nadir, and type of treatment and the PSA threshold for restarting treatment, in predicting outcome. Prospective trials to explore aspects of IHT that might be altered to improve outcome should focus on these variables. The duration of treatment was not an independent predictor of outcome in patients with no evidence of metastases. In those patients who rapidly achieve a good PSA nadir it is safe to curtail treatment to < 4 months. In the presence of evidence of metastasis, treatment must be protracted to ≥ 8 months. The results of the present univariate and multivariate modelling are in agreement with the findings of the SEUG trial and confirm that stopping treatment in patients who have a good PSA response at 3 months is not deleterious to survival. We found that in those with radiographic evidence of metastasis, a treatment period of < 8 months was associated with shorter survival. That monotherapy with antiandrogen alone was significantly less effective than MAB or LHRH alone in groups 1 and 3 suggests that for the time being MAB or LHRH alone should be the standard for IHT trials.
Using the present dataset, multivariate models were generated which predicted, very significantly, the time off treatment in all patient groups. From these models, we can conclude that the type of medication, initial PSA level and PSA nadir are consistent independent predictors of the duration of remission. Shorter periods of treatment are possible in those with no evidence of metastasis. These factors require assessment with prospective trials.
The level to which the PSA level is allowed to rise before treatment is restarted also predicted survival and the development of AIPC in all patients. Examination of the multivariate models shows that this effect is only important in patients with metastatic disease (group 3). This and the association between a short duration of treatment and poor outcome suggests that in these patients treatment needs to be more aggressive. The treatment period must be longer and medication restarted at a lower threshold than in patients who have no evidence of metastases.
A model to predict the development of AIPC and OS could only be generated for group 3 (those with metastatic disease) as the development of AIPC and death were too rare in the other groups. This indicates the long follow-up needed to show differences in AIPC/death in this patient group, and obviates the need for an early indicator of treatment success in these patients. Table 5 shows the association between the time off treatment in the first cycle and time to develop AIPC ( P < 0.001) and with time to death (not disease-specific. P < 0.001). Those with off periods of > 2 or 3 years, or in the first cycle, survive longer and develop AIPC later than those with a shorter duration of offtreatment. This can be used as an early indicator of treatment success in trials, to show the effectiveness of different treatment protocols (with more or fewer patients staying off treatment for ≥ 2 or 3 years, depending on treatment efficacy) before showing a difference in the rate of AI or death, for which the duration of follow-up would be extensive.
FIG. 2. Plots showing the relative contributions of individual factors in multivariate models
The use of agents such as 5 α -reductase inhibitors, which lower serum testosterone levels [23] , and thereby lower PSA levels, to prolong the off-treatment period would necessitate the use of more traditional endpoints, AIPC and death.
A recent editorial described how prostate cancer is over-treated at present [24] . With the detection of prostate cancer more frequently of lower grade and at an earlier stage, with time the available treatment options must shift to reflect this. A short course of HT might identify those patients for whom the outcome would be good with this type of treatment, by identifying those with a good PSA response. In those with localized disease and who show a partial or poor response, radical treatment can then be used.
As the evidence showing the safety of IHT increases so do the number of trials and variety of approaches. The duration of treatment, the type of medication used, and the PSA thresholds for stopping and restarting treatment are largely based on personal experience and opinion. Only when treatment is optimized based on the results of these trials might there be the kind of effect observed in mice by Bruchovsky et al. [5] , with a delayed onset of AI rather than merely equivalence to continuous treatment. The collated dataset lends itself to an analysis to evaluate which features of an IHT protocol render it most successful (within the bounds of those protocols already in use). The results will be useful in designing clinical trials examining the optimum use of IHT.
The limitations of the analysis are that the medication type was grouped despite acknowledging differences in different individual drugs and doses used. Testosterone levels were not available for enough patients for analysis.
In conclusion, the increasing evidence from randomized trials that IHT is safe is supported by the present meta-analysis. The results do not oppose the findings of Calais Da Silva et al. [8] that it might be possible to curtail the treatment duration to 3 months in all patients except those with metastatic disease. In patients with evidence of metastasis a more aggressive approach should be adopted, with a longer treatment period and earlier restart. In the prospective trials that are needed to investigate how best to treat with IHT, factors identified as having a major impact on the outcome are the initial PSA level, PSA nadir, and type and duration of medication. The type and duration of treatment, the PSA nadir sought and the PSA level prompting treatment restart are factors that can be defined in the treatment protocol. Our data suggest that the duration of remission is a useful early indicator of treatment success and could be used as an endpoint in these trials. Clearly using an endpoint such as duration of remission, which is determined by the PSA level, will only be possible when serum testosterone levels are known and controlled. Assessing quality of life and treatment side-effects are important endpoints for future studies [15] . 
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